Slow growing, massive stony corals have often been overlooked in reef-restoration activities, despite their resilience to climate change and contribution to reef framework. Techniques to effectively propagate and outplant these species have proven challenging. However, advancement in methodology may increase rates of success. In 2013, Orbicella faveolata and Montastrea cavernosa fragments were outplanted on reefs in the Florida Keys at a nearshore and offshore location, to determine whether "microfragmenting" corals, the process of creating ∼1 cm 2 fragments, increased outplant survival and growth compared with larger fragments (16-64 cm 2 ). Arrays of eight microfragments were planted near one larger fragment of similar size at each location. Six replicate pairs were haphazardly placed within each ∼700 m 2 study site. Fragments at both sites were monitored for growth and survival over 31 months, spanning two bleaching events. Initial predation occurred on microfragments, but was absent in the larger fragments. Survival and growth differed between sites, but did not differ between the larger fragments and microfragment arrays. However, excluding plots with > 40% predation at the nearshore site showed that O. faveolata microfragment arrays produced 10 times more tissue than traditionally used larger fragments. Results from this study suggest that if predation events are reduced, massive corals can be successfully grown and outplanted for restoration purposes.
. Therefore, restoration efforts have been subject to significant critique, with many concluding that efforts should focus on building resistant reefs rather than recovery alone (Rinkevich, 2015; Côté and Darling, 2010) .
Many massive corals throughout the Caribbean and Indo-Pacific, although slow growing and slow to recruit, are significant reef builders (Ginsburg et al., 2001 ) and resilient to thermal stress (Loya, 2001; Lirman, 2011; McClanahan, 2004) . On the Florida reef tract, boulder corals are categorically less susceptible to high temperature stress than Acropora cervicornis (see Table 2 Lirman, 2011), the species used in most coral gardening activities. They are also resistant to local stressors, having formed inshore old growth reefs that receive higher anthropogenic stress, nutrients, and sedimentation than offshore locations (Wagner et al., 2010) . However, the slow growth rate of massive corals has restricted the utility of these species in restoration (Krumholz et al., 2010) . Those that have used massive corals have sourced material from other reefs, utilizing few large fragments (Ortiz-Prosper, 2001; rather than mass propagating new individuals within a nursery setting (Ortiz-Prosper, 2001; Monty, 2006) , severely limiting the scale of such projects. Similarly, coral gardening has struggled to produce substantial growth and survival in massive coral species (Shafir and Rinkevich, 2010) . Despite this severe bottleneck, massive corals show promise for restoration, due to high stress tolerance, and high survival rates achieved in early transplant work (Ortiz-Prosper, 2001; Clark and Edwards, 1995) .
Mote Marine Laboratory has propagated massive corals in a land based nursery since 2006. Originally, Mote created ∼6 cm 2 (or greater) fragments and grew them to a size measuring 16-64 cm 2 (Berzins et al., 2008 ) (larger fragments). These larger fragments were similar in diameter to fragments used in past transplant studies (Ortiz-Prosper, 2001; . However, a new technique has been developed for the proliferation of massive corals called microfragmentation (Page, 2013; Page and Vaughan, 2014) . Microfragments are cut to ∼1 cm 2 or less and grown to ∼6 cm 2 prior to outplanting. This method may be amenable to restoration at scale as 6 microfragments are generated using the same broodstock material as 1 larger fragment, while having comparable survival in culture (Page unpublished data) . Additionally, microfragments can be planted in arrays of the same genotype to span large areas of dead framework (as in Forsman et al., 2015) , larger fragments of similar total size have a more compact footprint. Though microfragments are prolific in culture, to be useful in large scale restoration they must demonstrate significant gains in coral cover, longterm persistence, and perform as well as larger fragments sourced from neighboring reefs. Survival bottlenecks may differ between fragment types as microfragments are smaller in size (Okubo et al., 2007) . Differences may be due to limited resources for adaptation and recovery (Smith and Hughes, 1999) or consumption by predators (Jayewardene et al., 2009) . However prior to being placed on the reef, microfragments are raised in ideal conditions, apart from predators and competition which may provide an advantage compared to field colonies (Horoszowski-Fridman et al., 2011) . Alternatively, larger fragments acclimated to site conditions may forego excess initial predation or other consequences due to acclimation (Horoszowski-fridman et al., 2015) .
The present study tested the utility in restoration of renewably propagated massive corals using two different propagation techniques; in situ culturing of larger fragments compared with arrays of mass produced microfragments. The objectives were to i) compare survival and change in surface area (growth) after planting both microfragment arrays and larger fragments at two locations ii) identify sources that may be limiting success of planted corals (outplants) and, iii) monitor growth and survival for over two years to determine whether outplants persist longterm. The authors hypothesized that microfragment arrays would outperform single larger fragments.
Methods

Experimental design
Phenotypically diverse broodstock colonies of Orbicella faveolata and Montastrea cavernosa were collected in 2006 from the NOAA rescue nursery, a shallow (3 m) and turbid site located in Key West, Fl. These colonies were maintained at Mote Marine Laboratory in Summerland Key. In 2010, larger fragments were cut from a subset of these colonies using a seawater-cooled tile saw (MK 101 Pro Series, MK Diamond Products inc.). Fragments were then mounted to cement bases 5-8 cm in diameter using underwater epoxy (Allfix, Cir Cut Corporation).
Microfragment arrays were cut from a separate, non-overlapping subset of these broodstock in 2012. Colonies were cut into ∼1 cm 2 segments using a seawater-cooled diamond band saw (C-40, Gryphon Corporation). Care was taken to minimize handling and to remove excess skeleton on the bottom of the fragment, so that tissue would mount flush to artificial bases. Fragments were attached to 6.25 cm 2 travertine tiles (Travertine Mesh Mounted Mosaic Tile, MS International) with cyanoacrylate gel (BRS extra thick super glue gel, Bulk Reef Supply) and allowed to encrust over mounts.
Once cut, both fragment types were grown in separate, 340 L raceways fed by seawater at 2.5 lpm, sourced from a 24 m deep seawater well. Salinity was maintained at 35-37 ppt and temperature ranged with season from 22 to 27°C. Four air stones (3 cm each) were used for water circulation and aeration within each raceway. Algae was controlled by daily siphoning and grazing by Batillaria minima and Lithopoma tecta. Raceways were covered by a canopy lined with 40% shade cloth. Conditions in raceways were high light and low turbidity. Photosynthetically active radiation during the day ranged from ∼60 to 700 µmol − cavernosa. This was measured by calculating half the surface area of an ellipsoid as larger fragments were dome shaped. These fragments were grown for 1-2 years in the land-based nursery prior to being secured to cinder block mounts in 2011. Blocks were located both adjacent to this study's nearshore site, and 1 mile southwest of the offshore site (24.56249°N and 81.40003°W). These corals were allowed extended acclimation to field conditions before use in this study to mimic transplant work, which sources material from neighboring reefs. Microfragments were grown for 6-12 months on land prior to outplanting at study sites. At the time of outplant, O. faveolata and M. cavernosa microfragments, were 4.6 + 1.7 cm 2 and 4.3 ± 1.7 cm 2 respectively, measured by quantifying horizontal surface area as microfragments were flat. In May 2013 a total of 12 larger fragments and 96 microfragments per species, in apparent robust health were outplanted at a nearshore and an offshore site (Fig. 1) . Outplant sites were chosen because they represented two different, yet common, reef types within the lower Florida Keys. The nearshore site was characterized by a depth of 3 m, turbid, and a substrate of dead massive corals, which perished from a 2010 cold event (Lirman, 2011) . The offshore site was 6 m deep, and the substrate consisted of cavernous, dead coral pavement. These conditions are consistent with those characterized previously for nearshore and offshore reefs in the lower keys (Wagner et al., 2010; Szmant and Forrester, 1996) .
At each site, 48 microfragments and 6 larger fragments were planted of each species. Microfragments were divided into 6 groups consisting of 8 replicates from the same broodstock colony. Each group of microfragments was planted onto dead reef substrate in an array 30 cm in diameter (Fig. 1) . Microfragments in each array were planted approximately equidistant (∼9 cm apart), and adjacent to each array (within 0.50 m) one larger fragment of the same species was also planted (Fig. 2) . The bases of both larger fragments and microfragments were attached to dead reef using underwater epoxy (Allfix, Cir Cut Corporation). Care was taken to form a gentle slope between the coral fragment and reef substrate with epoxy.
Six array/larger fragment plots of O. faveolata and M. cavernosa were outplanted for each species at the nearshore site. , while larger fragments measured 56.4 ± 13.4 cm2. Plots were scattered haphazardly within an 800 m 2 area. The 'growth' of microfragment arrays and larger fragments was compared by determining the change in surface area, using Sigma Scan Pro 5. The surface area of each fragment type was quantified from top down photographs with 6.25 cm 2 tiles included for size reference ( Fig. 2) as change in surface area occurred primarily across horizontal dead reef substrate. For microfragments, surface area was calculated by summing the living surface area of the entire microfragment array at the initial time point and subtracting it from the sum of the surface area of the final time point. To determine change in surface area of each larger fragment the initial surface area of the larger fragment was subtracted from the surface area of the final time point. Finally, the change in surface area was divided by the initial tissue present for each array or larger fragment to account for variability between the initial size at outplanting. Tissue loss associated with parrotfish, butterflyfish, or snail predation was quantified for each fragment at day 9 for the offshore site, and day 10 for the nearshore site (Fig. 3) , by comparing the amount of tissue removed to the total footprint of each fragment in photos of each array, using Sigma scan Pro 5. Predation scars were consistent with those described by Bruckner et al (Bruckner et al., 2000) . Parrotfish and butterflyfish were both observed sampling microfragments during initial outplant.
Initial growth comparisons
High mortality rates in the offshore location limited the offshore site analysis beyond the first 167 days. Additionally, omission of photographs of larger fragments taken on day 0 made them unusable for data collection. Therefore, to determine whether there were initial growth differences between arrays and larger fragments, only data collected between day 58 and day 167 was used. Kruskal-Wallis tests, with fragment type (microfragment array vs. larger fragment) as the independent variable, were used to determine differences in the overall change in surface area (i.e., amount of tissue created or lost). The change in the surface area between day 58 and day 167 was divided by the initial surface area measured for each array or larger fragment. Analyses at the nearshore and the offshore sites were conducted independently to determine if results were consistent between the two outplant sites. A Kruskal-Wallis test was also used to determine whether the change in surface area, standardized by the initial perimeter (i.e., the surface area to perimeter ratio) significantly differed between the two outplant types.
1.3. Growth at nearshore site over 2.5 years Similar analyses were conducted only for the nearshore data in order to determine whether microfragment arrays differed in comparison to larger fragments over the entire 2.5 year study period. KruskalWallis tests were used to determine whether there were differences in the overall long-term change in surface area between microfragment arrays and larger fragments, again, standardized by the amount of initial surface area of each array or larger fragment. The change in longterm surface area was also standardized by the initial perimeter to determine whether the amount of tissue produced per initial cm of perimeter significantly differed between the two ouptlant types Both fragment types were attached to dead reef using underwater epoxy. Microfragment arrays included 8 microfragments originating from the same colony. 6.25 cm 2 tiles were included in each monitoring photo to accurately quantify size throughout the study using photograph analysis software.
2.5 years post outplant.
Survival data
Survival analysis, using a Cox proportional hazard model (Therneau, 2015) was conducted on the survival rate data to determine whether fragment type influenced overall survival. Because an array was considered the primary sampling unit, rather than each individual microfragment, arrays were considered still alive as long as one microfragment contained living tissue. A logistic regression was used to determine whether the amount of predation on each fragment effected the overall survival of each individual microfragment.
Maximum growth potential
Finally, a Student's t-test was used to determine whether there were differences between the maximum growth potential of O. faveolata microfragment arrays and larger fragments for only the nearshore pairs that did not experience heavy predation effects (i.e., < 40% loss; see below). Again, the data were standardized by the initial surface area of each fragment or array, and then by total initial perimeter to determine if there was a difference in the amount of tissue produced by fragment type per initial cm of perimeter. All statistical analyses were conducted using the program R (R Core Team, 2017).
Bleaching susceptibility
During the 2.5 years of the present study, two significant bleaching events occurred. The first was recorded in summer of 2014 and the second in summer of 2015, both of which were a result of prolonged levels of high sea water temperatures (Heron et al., 2016; Pandolfi et al., 2011) . During these two time periods the peak level of bleaching of each microfragment array and larger fragment was quantified from top down photographs using a rank system from 1 to 5, where 5 represented full coloration in the fragment and 1 represented a completely white fragment, devoid of coloration. Since the data was ordinal, non-parametric Kruskal Wallis tests were used to determine whether there were differences in bleaching susceptibility between species, between years and between fragment types. A bonferoni correction was used to determine levels of significance with these multiple comparisons (p < 0.017).
Results
Initial growth comparisons
At the nearshore site, arrays of both O. faveolata and M. cavernosa grew significantly more surface area per initial cm 2 outplanted within the initial 167 days compared with larger fragments (O. faveolata: X 2 = 8.308, df = 1, p = 0.004; M. cavernosa: X 2 = 7.5, df = 1, p = 0.006; Fig. 4A,B) . There was also significantly more living surface area created per cm of perimeter for O. faveolata at the nearshore site (X 2 = 6.56, df = 1, p = 0.010: Fig. 5A ). The same trend was evident for M. cavernosa, but the data was not significantly different (X 2 = 0.884, df = 1, p = 0.347; Fig. 5B ). At the offshore site, arrays of both O. faveolata and M. cavernosa showed a greater loss of surface area (i.e., suffered more partial tissue mortality) compared with larger fragments although this was only significant for O. faveolata (O. faveolata: X 2 = 6.564, df = 1, p = 0.010; M. cavernosa: X 2 = 2.7, df = 1, p = 0.100; Fig. 6A,B) . There was no statistical difference in the change in surface area per perimeter ratio for either species at the offshore site (O. faveolata: X 2 = 3.103, df = 1, p = 0.078; M. cavernosa: X 2 = 0.641, df = 1, p = 0.423).
Longterm growth at nearshore sites over 2.5 years
The average change in surface area in nearshore colonies showed that microfragment arrays produced up to 6.5 times more tissue of O. Fig. 7 ). However, low sample size and large variance within the array data resulted in no significant difference in the change in surface area between fragment type for either species over the 2.5 year period (O. faveolata: X 2 = 2.45, df = 1, p = 0.117; M. cavernosa: X2 = 0.103, df = 1, p = 0.749). There was also no significant difference detected between fragment types for the change in surface area standardized by the initial length of the perimeter (O. faveolata: X 2 = 0.011, df = 1, p = 0.917; M. cavernosa: X 2 = 1.25, df = 1, p = 0.2623).
Survival data
There were no differences in the overall rate of survival between larger fragments and microfragment arrays (O. faveolata: X 2 = 0.1, df = 1, p = 0.884; M. cavernosa: X 2 = 1.6, df = 1, p = 0.199). O. Fig. 3 . During outplant (A) parrotfish and butterflyfish were observed sampling microfragment at the nearshore site, but caused no conspicuous damage. Roughly, 2 weeks after outplant (B) microfragment arrays exhibited conspicuous scouring by predators. Three months post outplant (C) microfragments appeared to have fully healed and shifted to a golden brown coloration.
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faveolata fragment survival rate was approximately 80% at the nearshore site and only 18% at the offshore site. Similarly, M. cavernosa fragments showed a 100% survival rate at the nearshore site and only a 40% survival rate at the offshore site.
Maximum growth potential
Heavy predation rates were observed within the offshore site compared with the nearshore site. Microfragments were more severely affected than larger fragments, suffering substantial damage for up to two weeks post outplant. One week post outplant showed that nearshore O. faveolata microfragments suffered 22.6 ± 22.2% damage due to predation while M. cavernosa suffered 0% damage. In contrast, there was little evidence of predation on larger fragments for the entirety of the study. Offshore O. faveolata microfragments suffered 22.2 ± 16.3% damage, while M. cavernosa microfragments were preyed upon more intensely, suffering 45.5 ± 16.4% damage one week post outplant. Once microfragments healed from this event (∼3 months post outplant), predation scars were not observed during subsequent monitoring events. Logistic regression analysis showed no relationship between predation effects and survival rate within the offshore site for either coral species. There also was not a significant relationship detected between predation effects and survival rates of M. cavernosa at the nearshore site. However, for O. faveolata microfragments there was a significant influence of predation effects on survival rate for corals within the nearshore site (Z = −3.490, p = 0.001). When a microfragment lost over 40% of tissue from parrotfish predation there was a 0% survival rate (Fig. 8) .
The maximum growth potential was also analyzed to determine if there were long-term differences between arrays and larger fragments if predation was limited. For example, when O. faveolata microfragments that had experienced over 40% tissue loss from predation were removed from the growth analyses (n = 2 pairs removed) the change in surface area for microfragment arrays was significantly higher than larger fragments (t = 5.456, df = 3, p = 0.011). The average change in surface area for microfragments was 3.38 ± 0.55 cm 2 per initial cm C.A. Page et al. Ecological Engineering 123 (2018) 86-94 almost 10 times more tissue than larger fragments, which only produced on average 0.35 ± 0.04 cm 2 per initial cm 2 over the 2.5 year study Fig. 9 ). The amount of tissue produced per initial cm of perimeter again did not significantly differ between fragment types after the 2. 
Discussion
Initial growth, when standardized to initial surface area, in nearshore outplants was significantly higher for both species of microfragment arrays compared to larger fragments. This trend continued for the duration of the study; however, there was no different between fragment types in the longterm, despite average change in surface area showing that microfragment arrays produced nearly 6.5 times more tissue for O. faveolata and nearly 2 times more tissue for M. cavernosa. This lack of significance was due primarily to high variability between arrays of each species and lack of experimental power. Distinct sources of variability include disproportionate initial predation and differences in acclimation periods between fragment types. Alternatively, differences associated with genotype may be responsible for variability in growth. However, variability in location of experimental plots and lack of replication of genets among plots precluded further exploration into its role. Survival in microfragment arrays and larger fragments was not significantly different regardless of site. Initial predation represented a Ecological Engineering 123 (2018) 86-94 significant bottleneck to microfragment survival. Nearshore, O. faveolata suffering ≥40% tissue loss due to predation did not survive within the present experiment. Similarly, Rotjan and Lewis (Rotjan and Lewis, 2005) found that 13% of Porites astreoides colonies suffered mortality after parrotfish predation was observed. Conversely, if heavily predated fragments were removed from growth comparisons between fragment types in the present study, the maximum growth potential of microfragment arrays was nearly 10 times more than larger fragments in O. faveolata. The rise and fall of predation on microfragments was followed by a shift in pigmentation from dark coloration to color consistent with larger fragments, which suggests that an acclimation period may be critical when transitioning from nursery to field conditions. Horoszowski-fridman et al. (2015) found a similar spike in predation and transition in coloration in Stylophora pistillata after being moved from a field nursery to the reef. Additionally, the authors found that corals had lower numbers of Symbiodinium than nursery controls after 16 months post outplant, which may explain the observed differences in color within the present study. There are also many inherent differences documented between captive and wild colonies, that may have contributed to differences between fragment types. Differences include calcification rates (Carlson, 2015) , symbiont associations (Hartle-Mougiou, 2012) , and microbial communities (Kooperman et al., 2007) . Preference in corallivorous fish has been linked to superior nutrition (Bonaldo et al., 2012) , difference in fouling communities (Rotjan and Lewis, 2005; Bruggemann et al., 1994) , existence of chemical deterrents (ArmozaZvuloni et al., 2016) , and the clade of Symbiodinium spp (Rotjan and Lewis, 2006) . Further research into acclimation to site conditions before outplanting may serve to increase long-term survival.
There are likely different factors that contributed to the increased growth rates recorded in nearshore microfragment arrays. In the present study, longterm growth, when standardized to initial perimeter, was not significantly different between outplant types, despite microfragment arrays having an initial perimeter averaging 4 times larger than larger fragments. Consequently, the more perimeter an outplant type had, the larger increase in surface area occurred at this site, at least over the long-term. It is also possible that differences in growth rates are in part a result of total colony size. Goreau and Goreau (Goreau and Goreau, 1960) found that calcification rates decreased as colony size increased in Manicia aerolata and similarly Chadwick-Furman et al (Chadwick-Furman et al., 2000) found that growth in Fungia granulosa decreased linearly with increasing coral size. Finally, wound creation from initial fragmentation may influence growth rates in fragment types as well. Lirman et al (Lirman, 2010) demonstrated that shortly after wound healing A. cervicornis display more rapid growth rates than uncut controls. Also, Goffredo and Lasker (Goffredo and Lasker, 2008) found that after clipping, colonies of Antillogorgia elisabethae had a higher growth rate than expected for undisturbed colonies, 4 years after clipping. These data are consistent with the results of our initial growth analyses, which suggests that microfragments produce more tissue per initial cm of perimeter compared with larger fragments, at least within the first few months after outplanting.
An aim of this study was to monitor outplants for over 2 years, to understand whether restoration with massive corals can lead to longterm persistence and an increase in coral cover. At 381 days after outplant, 18% and 40% of O. faveolata and M. cavernosa fragments, respectively, were alive within the offshore site, while 80% and 100% of O. faveolata and M. cavernosa fragments, respectively, persisted to the end of this 2.5 year study at the nearshore site. Similarly, both species demonstrated positive growth at the nearshore site. Microfragment arrays increased in surface area an average of 262% and larger fragments 41% in O. faveolata, while arrays increased 102% and larger fragments 48% in M. cavernosa. Additionally, boulder corals were selected for this study specifically for their resilience to heat stress (Loya, 2001; Lirman, 2011; McClanahan, 2004) . Bleaching was observed from August to October 2014 and again from August to October 2015, when seawater temperatures rose above the average summer maximum for an extended period of time (31°C Manzello et al., 2007) . During these events, many wild corals were severely bleached, including colonies of O. faveolata, M. cavernosa, Pseudodiploria strigosa, and Colpophyllia natans. Fragments of M. cavernosa outplanted in the present study also bleached during both events; however, bleaching rank did not differ between years and did not differ between outplant types. O. faveolata fragments did not bleach and performed significantly better than M. cavernosa fragments. This result is in contrast to mortality rankings in Fig. 8 . Survival probability of Orbicella faveolata microfragments outplanted within the nearshore location under varying levels of predation. Black dots represent survival (1) or complete mortality (0) at the end of the study. The blue line represents the logistic regression line of survival probability with increasing predation effects. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 9 . Average change in surface area, per initial cm 2 , of microfragment arrays and larger fragments of Orbicella faveolata outplanted within the nearshore location that incurred < 40% tissue due to predation. Error bars represent standard error of the mean. (Lirman, 2011) for each species. Fragment types did not differ in response and fragments performed equally as well between years. Although bleaching events were different from year to year, performance did not visually decline in either species. In contrast, Grottoli (2014) observed differences in color when O. faveolata were subject to repeat bleaching. Additionally, the authors, found that increased association with Symbiodinium D1a in O. faveolata may be linked to resilience and acclimation to repeat bleaching stress. A similar association may be present in O. faveolata in this study. Finally, resistance to mortality from bleaching observed here is in sharp contrast to studies performed with more sensitive species like A. cervicornis (Quinn and Kojis, 2006 ) (personal communication Erich Bartels), the species used in most restoration projects on the Florida Reef Tract.
Propagation of stony corals through microfragmentation represents a potentially renewable source of tissue for mass restoration projects. If microfragments are planted in the right location and protected from predation, the rate of production and tissue generated far exceeds that of larger fragments. Between 2009 and 2011, Mote produced an average of 130 healthy larger fragments per year using a land-based facility. From 2013 to 2015, when Mote began cutting microfragments, an average of 3646 microfragments were produced per year. In both cases, staffing consisted of one biologist and 2 interns spending approximately 20 h a week on production and maintenance (unpublished data). If one assumes that larger fragments grew to 40 cm 2 in a year and that microfragments grew to 6 cm 2 , this amounts to 4420 cm 2 of new tissue produced by larger fragments and 18,230 cm 2 by microfragments, more than 4 times the amount. Although, many have demonstrated decreased survival with decreasing size in a field setting (Okubo et al., 2007; Smith and Hughes, 1999) , stable ex situ culture conditions and proper outplanting sites can result in high microfragment survival. The lack of difference in survival of microfragment arrays and potential for orders of magnitude higher growth in this study, suggest that producing larger massive coral fragments is inefficient, whereas microfragmentation provides the mechanisms essential for the restoration of slow growing massive corals. It is imperative that coral restoration projects consider future climate conditions when choosing candidates for restoration, as heat stress will continue to plague reefs worldwide (Pandolfi et al., 2011; Hoegh-Guldberg, 2007) . Prior to this study, restoration with boulder corals was rarely attempted despite many species being resilient to heat stress (Loya, 2001; Lirman, 2011; McClanahan, 2004) and major framework builders (Lirman, 2011; Ginsburg et al., 2001 ). Here we demonstrate that arrays of microfragments, renewably cultured by the thousands in a land-based facility, can outperform larger fragments, growing up to 10 times faster. Nearshore, over 80% of fragments persisted 2.5 years post outplant despite enduring two consecutive bleaching events. These findings demand greater study on these much overlooked species for the active restoration of coral reefs. Future studies, should focus on understanding proper site selection, including how to overcome deleterious effects from acclimation and initial predation, as these may predict longterm persistence. Basic studies should be undertaken to determine which species are ideal candidates considering repeat heat stress as in Grottoli et al (Grottoli, 2014 ) and the present study. Aspects such as colony size, the role of Symbiodinium, and comparative performance among species are key components to this work. Additionally, studies to determine further causes for increased growth in microfragments should be undertaken to apply microfragmenting to diverse range of species.
